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High	and	Low	Cloud	Amount		
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The	global	view	of	the	cloud	diurnal	cycle	
has	changed	recently		



1)	Observe	how	the	RelaIve	Humidity	profiles	and	
Cloud	profiles	respond	to	the	solar	diurnal	forcing	
across	the	Tropics	
	
2)	Test	the	model	physic	



ObservaIons	collected	recently	by	low-orbiIng	satellites	=>	diurnal	cycle	
-	RelaIve	Humidity	Profiles	from	SAPHIR	on-board	the	Megha-Tropiques	(Brogniez	et	al.	2011)	
-	OLR	from	ScaRaB	instrument	on-board	the	Megha-Tropiques	satellite	(Roca	et	al.	2015)	
-	Cloud	profiles	from	CATS	Lidar	on-board	the	InternaIonal	Space	StaIon	(York	et	al.	2019)	
	
SimulaIons	with	the	LMDz6	GCM	with	COSPv2/lidar,	AMIP	type	run,	high	frequency	outputs	
	
Time	Period:	June-	July-August	2015-2016-2017	

1)	Observe	how	the	RelaIve	Humidity	profiles	and	
Cloud	profiles	respond	to	the	solar	diurnal	forcing	
across	the	Tropics	
	
2)	Test	the	model	physic	



ObservaIons	of	the	diurnal	cycles	

Chepfer	et	al.,		under	review	
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Oceanic	Ascent:	Obs	in	relaIve	anomaly	.wrt.	daily	mean	

Red	
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1%	15%	

OLR	 SST	
4	W/m2	 0.4K	

-	4	W/m2	 -	0.4K	
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24	Local	Time(hrs)	 24	Local	Time(hrs)	0	 0	

0	 24	Local	Time(hrs)	 0	 24	Local	Time(hrs)	

Opaque	Clouds	FracAon	 					Thin	Clouds	FracAon	RelaAve	Humidity						

-1%	-1%	-15%	

-  RH	relaIve	anomaly	is	max	in	the	mid-troposphere	at	night	(15%)	
-  Cloud	relaIve	anomaly	is	small	:	max	1%	
-  Opaque	cloud	relaIve	anomaly	in	the	mid	troposphere	in	early	aqernoon	(drives	the	OLR)	
-  Thin	cloud	posiIve	relaIve	anomaly	in	the	boundary	layer	0-6am	and	Ied	to	RH	in	free	troposphere	
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Oceanic	Ascent:		focus	on	the	upper	troposphere	(>	5	km	)	

OBS	

Storm	resolving	model	simulaIon	
	by	Ruppert	and	Klocke,	2019		
	
suggest	the	late	aqer	aqernoon	ice	
clouds	are	produced	by	a	second	
diurnal	mode	of	the	tropical	upward	
moIons	due	to	local	SW	radiaIve	
warming	

11-13LT	 DeviaIon	from	daily	mean	
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Oceanic	Ascent:	focus	on	the	lower	troposphere	(<	5	km	)	

OBS	

11-13LT	 DeviaIon	from	daily	mean	

	
Ruppert	and	Klocke,	2019	
	

The	observaIons	show	an	enhancement	of	the		
condensed	water	(thin	clouds)	very	close	to	the	
surface	(<1km)	at	late	night	(LW	slight	surface	warming)	
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Oceanic	Ascent:			comparison	with	GCM		
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Land	Ascent:	Obs	in	relaIve	anomaly	.wrt.	daily	mean	
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Land	Ascending	air	regions:	comparison	with	GCM	
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Oceanic	moderate	subsidence:	comparison	with	GCM	
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Almost	no	cloud	diurnal	cycle	in	the	model	(<1%)	compared	to	observaIons	
	
NB:	the	model	daily	mean	state	is	wrong	(not	shown	here)	
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Summary	

•  Recent	space-borne	instruments	observe	the	diurnal	cycle	of	cloud	
profile	and	relaIve	humidity	profile	across	the	Tropics	

	
•  The	LMDZ	model	does	not	reproduce	the	observed	diurnal	cycles.	

	The	daily	mean	clouds	profile	and	relaIve	humidity	profile	are	biased	in	
	the	model	(not	shown);	these	biases	influence	the	diurnal	cycle	biases.	

•  Does	that	maier	if	the	diurnal	cycle	is	biased	in	the	model	?		
	“some	fast	processes	shape	the	long	term	response…	based	on	intuiIon	
	(cloud	changes	are	fast)	and	based	on	examples	in	the	literature”	



Supplementary	



Daily	mean	Profiles	of	HR,	Thin	Clouds,	Opaque	Clouds:	Obs	&	Models			
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Daily	Means	Obs	&	Model	
Land	subsidence	 Land		

ascent	
Ocean	subsidence	 Ocean		

ascent	

OLR	(W/m2)	 275	 233	 269	 238	

Absorbed	SW	(W/m2)	 302	 276	 330	 309	

Skin	Temperature		(K)	 298.8	 298.8	 299.9	 298.0	

Cover	 Opaque	 clouds	
(%)	

8.3	 30	 17.5	 27.4	

Cover	Thin	clouds	(%)	 22.8	 40.3	 32.2	 42.1	

Cover	Clear	sky	(%)	 68.9	 29.7	 50.3	 30.5	

z-opaque	(km)	 5.7	 7.9	 3.1	 8.2	
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	RelaAve	Humidity	 								Opaque	Clouds						 							Thin	Clouds	

Oceanic	subsidence	air	regions:	comparison	with	GCM	
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Oceanic	Strong	subsidence	air	regions	
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Land	Subsiding	air	regions:		in	RelaIve	Daily	anomalies	(equaIon)	
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